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Infants born to mothers who misuse opioids are more likely to be premature, have low birth weight and have higher mortality. 3, 4 Neonatal opioid withdrawal often necessitates care in a neonatal intensive care unit (NICU), although a spectrum of severity exists, and the resulting mother-infant separation may have a negative impact on attachment between mother and child. 5 Primarily for these reasons, but also because of the economic implications of increased health services use, 6 the prevention of neonatal opioid withdrawal has become a public health priority. [7] [8] [9] Historically, the opioids most commonly responsible for neonatal opioid withdrawal have been heroin and methadone. 10, 11 In the last 20 years, coincident with the increased prescribing of opioids for chronic noncancer pain, 12 several studies have documented an increased incidence of neonatal abstinence syndrome. 6, 8, 13, 14 However, no large studies have examined antenatal opioid prescription records, and the degree to which the treatment of pain with opioids contributes to the present-day incidence of neonatal abstinence syndrome is unknown.
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We sought to determine trends in the annual incidence of neonatal abstinence syndrome in Ontario during a 20-year period. In addition, in a relevant and contemporary subset of the population for which data on antenatal prescription drug use was available, we sought to determine the proportion of mothers of infants with neonatal abstinence syndrome who received treatment with prescription opioids before and during pregnancy. Among the mothers in this secondary cohort, we compared demographics and health care use of those prescribed opioids with those who were not. Finally, we compared the health care use and health outcomes of the corresponding infants.
Methods

Setting
We conducted a retrospective, population-based study involving all live births between Jan. 1, 1992, and Dec. 31, 2011, in Ontario, Canada. Ontario is an ethnically diverse province with a population of more than 13 million people, all of whom have public coverage for physician and hospital services. Prescription data are available for people aged 65 years and older and for younger people eligible for publicly funded prescription drug coverage (primarily because of low socioeconomic status).
Sources of data
We acquired data on all hospital admissions from the Canadian Institute for Health Information Discharge Abstract Database, records of prescription medications dispensed to beneficiaries of the public drug plan from the Ontario Drug Benefit Database, demographic data from the Registered Persons Database, data from emergency department visits from the National Ambulatory Care Reporting System, and information on all inpatient and outpatient physician services from the Ontario Health Insurance Plan database. We linked the databases using encrypted anonymous identifiers. These databases have been shown to be complete and of high quality, and are routinely used to study the safety and effectiveness of prescription medications.
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Participants
Primary cohort
We identified all infants with a diagnosis of neonatal abstinence syndrome on their hospital discharge record, either during their stay in hospital after delivery or on readmission, during the study period (code 779.5 from the clinical modification of the International Classification of Diseases, 9th revision, from Jan. 1, 1992 1, 2002 , onward, infants were matched to mothers using a unique maternal-infant matching number. Before this date, the records of mothers and infants were linked by matching the hospital of admission with admission and discharge dates. This algorithm, when applied to births after 2002, has a sensitivity of 96% and a specificity of 99%, and has been used previously for research purposes.
19,20
Secondary cohort
Using data from a subset of the main cohort, we examined antenatal prescription drug use in a contemporary (2007) (2008) (2009) (2010) (2011) population for whom such data were available by examining the prescription drug records of women who were public drug plan beneficiaries. Most of these women were recipients of social assistance in the form of welfare payments or disability support payments. Because many women avoid prescription drugs during pregnancy, we used the period between 101 and 365 days before delivery to determine whether a woman had received publicly funded prescription drugs. We used this period to ensure that each mother had continuous eligibility for publicly funded prescription drugs during the 100 days before delivery; in so doing, we minimized the risk of overestimating the rate of opioid prescribing in the period immediately before birth.
Opioid prescribing before delivery
We examined prescriptions dispensed to women who were eligible for publicly funded prescription drugs at the time of delivery and who delivered an infant with a diagnosis of neonatal abstinence syndrome during the last 5 years of the study period. We focused on this period to better understand contemporary opioid-prescribing patterns among mothers of these infants. For each mother, we examined antenatal prescribing during 3 time periods: 100 days before delivery, 101-365 days before delivery and 1-2 years before delivery. We included both methadone and nonmethadone opioids (excluding buprenorphine), but considered methadone separately because it is much more commonly used for opioid dependence than for the treatment of chronic noncancer pain in Canada. Buprenorphine-containing products were not on the public formulary during the period studied. Pregnant patients with a contraindication to methadone would have been eligible for coverage of buprenorphine through a federal exemption, but these data were unavailable to us. In addition, because methadone was widely considered as the "gold standard" during the study period, very few women would have been given buprenorphine. In the 100 days preceding delivery, we also examined prescriptions for other psychotropic drugs, including sedative-hypnotic agents, barbiturates, anticonvulsant drugs, cyclic antidepressants, noncyclic antidepressants, antipsychotic agents, psychostimulants and lithium.
Demographic characteristics, health care use and outcomes
We compared demographic characteristics among mothers of infants with a diagnosis of neonatal abstinence syndrome between 2007 and 2010 (to allow 1 yr follow-up) who were eligible for publicly funded prescription drugs at the time of delivery. In addition, we compared characteristics of women who had received prescriptions for opioids during the 100 days before delivery with those who had not received such prescriptions during this period. We also compared the health care use and outcomes of the corresponding infants. Specifically, we examined the infant's gestational age at birth, birth weight and sex, in addition to length of stay in hospital, physi-Research CMAJ OPEN cian visits, mortality, maternal age, method of delivery (vaginal or cesarean birth) and neighbourhood income quintile.
Statistical analysis
We calculated the incidence of neonatal abstinence syndrome for each year of the study period expressed as the rate per 1000 live births. We used the McNemar test to compare opioid prescribing among public drug plan beneficiaries between the different antenatal periods. We compared demographic characteristics, health care use and outcomes using χ 2 tests for categorical variables and the Kruskal-Wallis test for continuous variables. We used SAS software, version 9.3 (SAS Institute) for all analyses.
Results
Incidence of neonatal abstinence syndrome
We identified 3086 infants in Ontario with a diagnosis of neonatal abstinence syndrome during the study period. The population incidence increased from 0.28 per 1000 live births in 1992 to 4.29 per 1000 live births in 2011, representing a 15-fold increase in incidence in 2 decades. Most of this increase occurred during the last 5 years of the study period ( Figure 1 ).
Antenatal opioid prescribing
During the last 5 years of the study period, 1901 infants were born with neonatal abstinence syndrome. Nearly half of these infants (n = 930) were born to 884 women who were eligible for publicly funded prescription drugs at the time of delivery.
There were 3 pairs of twins among the 930 infants, resulting in 927 separate deliveries during this 5-year period
In each of the 3 antenatal periods we studied, most of the women in the secondary cohort received 1 or more prescriptions for an opioid: 67% of women received at least 1 prescription in the 1-2 years preceding delivery, 81% in the period between 1 year and 100 days before delivery and 70% in the 100 days before delivery (Figure 2 ). We saw a shift 
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from other opioids to methadone as delivery approached. The proportion of women given prescriptions for methadone increased from 28.6% at 1-2 years before delivery to 53.3% in the 100 days before delivery (p < 0.001). Conversely, the proportion of women given a prescription for a nonmethadone opioid (excluding buprenorphine) decreased from 22.7% at 1-2 years before delivery to 11.5% in the 100 days before delivery (p < 0.001).
More than half (53.4%) of the women in the secondary cohort received a prescription for a psychotropic medication in the 1-2 years before pregnancy ( Table 1 ). The most common psychotropic medications prescribed during this period were sedative-hypnotic agents (26.6%) and noncyclic antidepressants (35.0%). For both of these drug classes, the percentage of women filling their prescriptions decreased as pregnancy progressed.
Health service use and health outcomes
Data were available for 618 deliveries of infants with neonatal absence syndrome born to mothers who were beneficiaries of the public drug plan between Jan. 1, 2007 and Dec. 31, 2010 (Table 2) . Infants with neonatal abstinence syndrome born to mothers who received prescriptions for opioids in the 100 days preceding delivery had a longer length of stay in hospital (median of 19 v. 10 d, p < 0.001) and more outpatient physician encounters during the year after birth (median 25 v. 17 visits, p < 0.001) compared with infants born to women who had not received prescriptions for opioids (Table 2) . We found no difference in birth weight, gestational age at the time of delivery or sex of the infant, and very few of the infants died during the year after birth. Women who received prescriptions for opioids during the 100 days before delivery were more likely to undergo a cesarean delivery (30.2% v. 21.8%, p = 0.03).
Interpretation
In this population-based study spanning 20 years, we saw a 15-fold increase in the incidence of neonatal abstinence syndrome in Ontario, most of it during the last 5 years of the study period. About half of the mothers of infants with neonatal abstinence syndrome were recipients of publicly funded prescription drug coverage, and most of these women received prescriptions for opioids before and during pregnancy. The proportion of women receiving prescriptions for methadone increased as they approached delivery, whereas prescription of 
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other opioids decreased, which suggests that opioid dependence during pregnancy was often recognized and appropriately treated. In Canada, methadone is prescribed almost exclusively for opioid addiction rather than for pain. In Ontario, addiction to prescription opioids recently has supplanted heroin addiction as the most common reason to start treatment with methadone. 21 This observation raises the possibility that most of the pregnant women receiving methadone in our study had prescription opioid dependence. Collectively, these observations suggest that the prescribing of opioids for chronic pain is a risk factor for addiction and the subsequent need for methadone treatment during pregnancy, leading to infants born with neonatal opioid withdrawal.
Two previous studies documenting a similar increase in the incidence of neonatal abstinence syndrome in the United States did not have access to antenatal prescribing records. 6, 13 Using an analysis of hospital discharge data, Creanga and colleagues 13 found that 41.7% of infants with a diagnosis of neonatal abstinence syndrome in Washington state in 2008 had been exposed to opioids. Furthermore, they found that the type of drugs to which infants were exposed was unknown in about half of those with that diagnosis. In contrast, in the subset of women for whom we had antenatal prescribing data, we found that 70% of infants with a diagnosis of neonatal abstinence syndrome were born to mothers who had received at least 1 prescription for opioids in the 100 days before delivery. The proportion of infants exposed to opioids in this subset would almost certainly be greater than 70%, because exposure to heroin and other opioids can occur without a prescription. In addition to showing that the incidence of neonatal abstinence syndrome in the United States increased from 1.20 per 1000 births in 2000 to 3.39 per 1000 births in 2009, Patrick and colleagues 6 found that infants with neonatal abstinence syndrome were more likely to have low birth weight and respiratory complications.
Prescribers should consider the risks of addiction and subsequent neonatal opioid withdrawal before starting opioid 
Limitations
We relied on administrative data to determine whether an infant had symptoms of neonatal opioid withdrawal. More physicians now are aware of the diagnosis of neonatal abstinence syndrome than 20 years ago, and the increased incidence that we saw may be an artifact of greater awareness. Conversely, however, neonatal opioid withdrawal may still be underrecognized, particularly when symptoms are mild and the infant does not require pharmacologic treatment or admission to an intensive care unit. 23 We only had access to antenatal prescription records for a subset of the study population. Although this subset has different socioeconomic characteristics than the rest of the population, it accounted for nearly half of the cases of neonatal abstinence syndrome in Ontario.
We are unable to confirm the indication for prescribing methadone in our cohort. All but 5 of the 242 142 prescriptions were for methadone solution, which is used exclusively for opioid dependence. 24, 25, 26 Although the diagnosis of neonatal abstinence syndrome is most commonly used when an infant undergoes opioid withdrawal, some of the cases we identified in our study may have represented withdrawal from other psychotropic medications. In addition, our reliance on antenatal prescribing records meant that we were unable to determine which opioids women were using and when they used them. In particular, we have no information about heroin use or drug diversion. However, complications of heroin use in Ontario were much less common than complications of prescription opioid use during the study period. 21, 27 Nevertheless, the opioid prescribed to a particular woman whose baby subsequently had neonatal opioid withdrawal may have differed from the opioid that actually caused the syndrome. Furthermore, we did not have information regarding buprenorphine use, because the formulation of buprenorphine that is used during pregnancy is only available through a special federal program in Canada. 8 However, for this same reason, it is likely that buprenorphine would have been prescribed to a very small number of the women in our study.
Finally, although more than half of the women in this study likely had a mental health condition for which they received treatment with a psychotropic medication in the 1-2 years before delivery, we did not examine other chronic health conditions and pharmacotherapy that may have confounded the differences in outcomes.
Conclusion
We saw a considerable increase in the number of infants born with neonatal abstinence syndrome over a 20-year period in Ontario, particularly during the last 5 years of the period under study. In a large and relevant contemporary subset, we found that a substantial proportion of women who deliver babies with neonatal opioid withdrawal have opioids prescribed for the treatment of chronic pain before and during pregnancy. Our results support the need for strategies to reduce the incidence of neonatal opioid withdrawal.
